Globally, the epidemic of hepatitis virus infection is increasing in the context of common viral transmission routes with the Human Immunodeficiency Virus (HIV). Thus, co-infection with both hepatitis virus and HIV is becoming a common occurrence, particularly for key populations. Studies of key populations, people who inject drugs, sex workers, transgendered individuals and men having sex with men, report high levels of illicit drug and/or alcohol use along with limited access to health care and medical treatment. Without the medical management of co-occurring substance use disorders and hepatitis C virus (HCV) infection, a significant proportion of this population with HCV/HIV co-infection will progress to chronic liver disease then subsequently end-stage liver disease. Thus, access to comprehensive care and treatment, including HCV testing with subsequent care and treatment of acute/chronic HCV infection is essential to address the global burden of disease. Increased efforts are needed globally to address the barriers to comprehensive care and treatment for key populations with HCV/HIV co-infection.
Introduction
The global epidemic of hepatitis infection has only recently been highlighted by the establishment of World Hepatitis Day, first occurring in 2008 [1] . Advances have followed with the 2010 World Health Assembly resolution recognizing the global health problem of hepatitis infection and the World Health Organization (WHO) creation of the Global Hepatitis Programme [2] . In 2012, the WHO provided a framework for global action on the prevention and control of viral hepatitis infection [3] . While providing a regional burden of disease, the framework presented a stark picture of hepatitis C infection in key populations, specifically for injection drug users, indicating that 60% -80% of injection drug users, worldwide, are positive for the hepatitis C virus. The comprehensive framework for global action challenges regions and countries to develop specific strategies and plans to address the burden of hepatitis infection with important elements being the screening for hepatitis C infection and an increasing access to care and treatment. Critical to the success of these elements, in resourceconstrained settings, is the development of national hepatitis policies and care and treatment guidelines promoting accessible and affordable hepatitis C treatment. The WHO has recently published initial baseline survey data of 126 Member States, 60 of which were low-income countries, reporting on their comprehensive national response to hepatitis infection [4] . Only 47 countries report the presence of a written national strategy or plan for addressing hepatitis infection, while 36 Member States have a government unit dedicated to addressing hepatitis prevention, care and treatment. Approximately 90 countries have hepatitis prevention and control programs, but they mostly target health care workers. Sixty-nine counties report hepatitis prevention and control programs for injection drug users. Approximately 50 countries report a chronic hepatitis C surveillance program while 90 countries report surveys of chronic hepatitis infection in key populations. Access to care and treatment for hepatitis C is reported as limited, with 69 countries indicating the availability of pegylated interferon treatment. Ninety countries indicate some form of publicly funded hepatitis treatment program. The survey did not report the access and treatment levels for key populations.
Key Populations, Illicit Drug and Alcohol Use and HCV/HIV Co-Infection
The use and abuse of illicit drugs and alcohol are important considerations in HCV/HIV co-infection, particularly for key populations. Both high-risk sexual and drug injection behaviors provide common transmission routes for both HIV and HCV [5] . In the context of HIV transmission risk, it has been well established that both illicit drug use and alcohol use are important factors in promoting high-risk sex as well as increased numbers of sexual partners [6] - [8] . Illicit drug use also plays a role in the sexual transmission of HCV infection [9] . Recent studies on the culture of drug and alcohol use have shown that gender may play a role in the choice between alcohol versus illicit drug use and that substance use may be affiliated with the culture of specific key populations [10] . Nevertheless, individuals that use illegal drugs, or have a history of illegal drug use through injection, or have become addicted to illegal drug use, comprise a majority of HCV/HIV co-infected patients.
People Who Inject Drugs
For people who inject drugs, the risk for HCV/HIV co-infection is high. And indeed, people who inject drugs constitute the largest proportion within specific populations that are co-infected with HCV and HIV [11] . The sharing of injection drug related equipment and the increased number of sexual partners in the context of exchanging sex for drugs constituent behaviors providing common transmission routes for HIV and HCV. Although HCV and HIV transmission can occur through unsafe injection practices, the relative efficiency of HCV transmission via injection drug use results in the likely scenario of blood-borne HCV infection with HIV infection resulting from high-risk sexual behavior [12] . Global epidemiology of HCV and HIV infection show people who inject drugs with higher infection rates of HCV compared to HIV [13] . Thus, in countries and regions where the global HIV epidemic is driven by injection drug use, rates of HCV/HIV co-infection in people who use drugs is high [11] [14] [15] . Also in these countries, chronic HCV infection is a leading cause of death, because HIV infection of individuals infected with HCV results in increased liver disease including cirrhosis and HCV-related mortality [12] [16] .
Globally, key drug-using populations at risk for HCV/HIV co-infection include females who inject drugs and who trade sex for drugs, or who are sex partners of people who inject drugs, as well as young people who inject drugs, and people who use non-injection drugs [17] . For male injection drug users, paying for sex increased the risk of HCV/HIV infection, while for females having greater than three years of injection drug use, sharing equipment, and using alcohol with drugs was significant for co-infection. The importance of the age of first drink of alcohol for injection drug users is a predictor of co-infection through an increased number of sexual partners and early sexual debut [18] . It is also important to note the severe clinical consequences of consumption of alcohol in patients with HCV/HIV co-infection, namely the increase of liver disease including rapidly devel-oping cirrhosis and hepatocellular carcinoma [19] . Both cirrhotic liver disease and liver cancer have limited treatment options in resource constrained settings.
Men Having Sex with Men
For men having sex with men (MSM), the epidemiology of HCV/HIV co-infection is changing rapidly. Over the last ten years, numerous cohort studies have shown an increase in the incidence of acute HCV infection in MSM [20] - [24] . This increase is only partially due to parenteral exposure via illicit opioid injection or stimulant drug use [25] [26] . HCV transmission has been documented in MSM via mucosal exposure/sexual transmission [24] [27] [28] . This increase in HCV infection parallels an increase in HIV infection observed in cohorts of MSM from low and middle income countries [29] . Sentinel surveillance survey data from China, for example, have shown an increase in overall HIV prevalence among MSM populations from 0.9% in 2003 to 6.3% in 2011 [30] . The convergence of these increasing dual infections is alarming in a population that, in resource-limiting settings, is estranged from health care services. The result is a key population with increasing incident HCV/HIV co-infections without access to needed medical care and treatment.
Access to care and treatment for acute HCV/HIV infection is a significant missed opportunity to control viral hepatitis C infection. Acute HCV infection is defined as the first six months of HCV RNA detection in serum [31] [32]. In HCV/HIV co-infection, for cases with undetectable HCV, the presence of abnormal liver transaminase levels can be a diagnostic tool. Detection of acute HCV infection in the setting of HIV infection is important since, spontaneous clearance of the hepatitis infection has been reported to be high as 25% in cohort studies [33] . In addition, acute HCV infection in patients with HCV/HIV co-infection is treatment responsive to regimens of pegylated interferon and ribavirin [31] . Sustained viral response rates in cohort treatment studies have reported successful treatment of HCV infection ranging from 53% to 82% of patients. Prevention and screening for HCV infection is fundamental in HIV-infected populations of MSM and for those found HCV positive, guideline recommended treatment regimens are appropriate for patients with acute HCV infection.
Illicit drug use and alcohol use in MSM populations in the context of the high-risk for HCV/HIV co-infection are noteworthy clinical issues in co-infection. As noted above, MSM frequently lack access to enabling medical care and treatment and the elevated use of drugs and alcohol may represent an effort to self-medicate due to the high level of stigma and discrimination [34] - [36] . Alternatively, drug and alcohol use may be affiliated with the culture of MSM and considered part of sexual practice [10] . In Thailand, a cross-sectional survey examining sexual risk behaviors among MSM showed one in five used illicit drugs [37] , while other studies have shown a higher use of illicit drug use in MSM infected with HIV [38] [39] . Screening for alcohol consumption in a cohort of male sex workers reported 70% consumed alcohol, 40% binge drank, 35% screened for hazardous drinking, 15% harmful drinking and 21% alcohol dependence [40] . Taken together, these studies show the need to address drugs and alcohol use as HCV and HIV transmission risk-factors for MSM.
Commercial Sex Workers
Sex in exchange for drugs or valuables is a high-risk behavior for HIV infection. Studies have shown estimates for the prevalence of HIV infection in female sex workers to range from 31% -35% [41] [42] . Many factors contribute to the HIV risk including stigma, migration, lack of access to condoms, injection drug use and sexual networks [43] [44] . Risk factors for the transmission of HCV are injection drug use and unprotected sex. Studies have shown that women living with HIV can acquire HCV infection through unprotected sex, suggesting a higher susceptibility [20] [45] [46] . Thus, female sex workers who use and abuse drugs and alcohol, as well as, sex workers who injection drugs invite the dual risk of HIV infection and HCV infection [47] .
Substance use and abuse is a significant behavior in female sex workers and includes alcohol, stimulants and opioids [44] [48]- [50] . Substance use and HIV risk behaviors among female sex workers can differ significantly depending on work venues, and sex workers who use illicit drugs, can be characterized as: young, with low levels of self-esteem, or acquiring sexually transmitted infections and frequently engaged in unprotected vaginal sex with customers [51] . Qualitative interviews indicated that alcohol and drug use by female sex workers was due to their stressful life (e.g., long working hours and a large number of customers) and easy access to alcohol and drugs.
In Sub-Saharan Africa, multiple studies [52] - [58] have shown links between commercial sex work and T. F. Kresina et al. 1806 drug use or alcohol use with the presence of multiple overlapping risk behaviors. These risk behaviors have the potential for increasing infectious disease transmission among persons in sexual and drug-using networks. Drug using female sex workers reported 3 -10 clients per day, while drug using male sex workers reported 1 -4 clients per day along with the use of drugs before, during and after sex. Drug use impaired safe sex practices and approximately one in three sex workers were noted to be infected with HIV. Alcohol-using female sex workers reported unsafe sexual practices, violence, and the presence of sexual transmitted diseases. In Asia, studies have shown a similar intersection between illicit drug or alcohol use and commercial sex work. In India, of the four main pathways into sex work, obtaining money through sex work to purchase drugs or alcohol was second behind only poverty (the need to provide for self and/or family) [59] . Over two thirds of sex workers either chewed betal nut or consumed alcohol alone or with clients. Another study reported the use of illicit drugs with 78% being non-injecting drug users and 22% being injecting drug users [60] . Drug-using sex workers were significantly more likely to test positive for one or more sexually transmitted infections and were also significantly more likely to be currently married, widowed, or separated compared with non-drug-using female sex workers. In multiple logistic regression analysis, being an alcohol user, being married, having a larger volume of clients, and having sexual partners who have ever used or shared injecting drugs were found to be independently associated with illicit drug use. In China, screening of female sex works for alcohol consumption revealed that heavy drinkers had earlier sexual initiation, became involved in sex work at a young age, and used alcohol during sex, particularly in high-risk encounters [61] . Illicit drug use during commercial sex in China has been shown to be associated with HIV sero-positive status, initiating sex work at less than 20 years of age and working at high-risk establishments [62] . In Indonesia, cohort studies have shown that approximately 50% of female sex workers consume alcohol prior to interactions with clients, and those working at bars and discotheques are most frequent consumers of alcohol [63] . With the high prevalence of HCV/HIV co-infection risk behaviors (substance use and sexual risk) in the female sex worker population, more attention needs to be paid to the diagnosis, as well as care and treatment of HCV/HIV co-infection in this population.
Transgendered Individuals
There are very limited data with regard to HCV/HIV co-infection in the transgender community. Studies have shown a 7% prevalence of HIV and HCV infection in a cohort from the Dominican Republic [64] ; while HCV/ HIV co-infection among surveyed transgender sex workers in Argentina was 6.5% [65] . In the transgender population, HCV infection has been associated with injection drug use while HIV infection has been associated with sex work [66] . However, transgender sex workers in Pakistan, have been reported to use alcohol during anal sex, while high levels of alcohol, marijuana, methamphetamine as well as illicit injection drug use, in the context of sex work, has been reported in transgender women in the United States [67] [68] . As cohort studies move forward, a clear picture of high substance use and high risk sex is common among transgender populations. These high-risk behaviors combined with a marginalized sexual or gender identity can result in a highly stigmatized environment to address the medical needs due to HCV/HIV co-infection [69] .
The Medical Management of Substance Use Disorders, HIV Infection and HCV Infection in the Context of HCV/HIV Co-Infection
The medical management of HCV/HIV co-infection and associated co-morbidities is complex and challenging. It is more than just the management of HIV infection and HCV infection. The dual infection changes the natural history of each infection [70] . HCV infection of people living with HIV increases the risk of death due to liver-related disease or an AIDS-related illness [71] [72] . HIV infection, on the other hand, can accelerate the progression to cirrhosis, end-stage liver disease and HCV-related mortality [73] - [75] . Thus, HCV/HIV co-infection warrants aggressive treatment of both viral infections. This requires a proactive screening and diagnosis of individuals with high-risk behaviors, specifically key populations. Unfortunately, the stigma and discrimination toward key populations results in a medically disenfranchised population. Key populations do not routinely access medical care and treatment [76] . This results in key populations with HCV/HIV co-infection entering the medical care system with chronic end-stage liver disease or AIDS. For these individuals, life-saving medical services may be limited in low and middle resource countries. Enabling environments are needed to support their care
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and treatment and allow for key populations to access care and treatment early in the course of HCV/HIV coinfection. Key populations interfacing and accessing medical care and treatment can be greatly facilitated by peer outreach [77] . In addition, peer outreach workers can provide an accommodating environment to screen for high risk-behaviors. With the elevated use of drugs and alcohol in key populations, screening for substance use disorders in an import initial step that can be facilitated by peer outreach workers. A positive screening for a substance use disorder can provide a platform to address early on other co-morbidities such as HIV infection and HCV infection. Treatment of persons co-infected with HCV and HIV is best managed by a team of health care providers and specialists who are expert in dealing with HCV infection, infectious diseases, mental health, addiction medicine and social issues in a step-by-step approach [78] . However, this may not always be possible in limited resource settings, which clearly shows the importance of early access of available medical care and treatment to promote better clinical outcomes for HCV/HIV co-infection in key populations. This starts with addressing substance use disorders and patient education promoting stabilization from which other medical care and treatments addressing HIV and HCV infections can successfully proceed [79] .
Substance Abuse Treatment for Substance Use Disorders
Since substance abuse is a complex disorder composed of multiple physiologic, social and behavioral problems, with optimal treatment attending to all aspects [80] . Most effective is a "whole person treatment" that includes behavioral, biological (pharmacological) and social rehabilitative components [81] . Behavioral interventions have been extensively researched and are critical components of the treatment of all drug addictions. Pharmacological treatments have been developed, approved and available for nicotine, alcohol, and opiates, but none are available for stimulants, like cocaine or methamphetamine [82] . An effective way to treat drug abuse and dependence is to match a comprehensive treatment plan to the individual's particular substance abuse problems and needs. Desired treatment outcomes are: 1) reduced dependence on drug of abuse, 2) reduced morbidity and mortality associated with drug of abuse, and 3) a maximized patient's ability to access services and achieve social integration.
Behavioral Interventions for Substance Use Disorders
Non-pharmacologic substance abuse treatments, which have been extensively researched, are only recently being recognized as important tools for health care providers. These multidisciplinary interventions target various aspects of substance use disorders, including the craving of substances of abuse, the driving force behind addiction. Behavioral interventions also attempt to interrupt the ability of environmental cues and stressful experiences that trigger relapse, as well as, enhance the patient's abilities to interact appropriately with the family, the work setting, and in the community. Early interventions have been developed and can be provided in controlled settings by trained health care providers. Brief interventions show promise as a practical, low intensity intervention for substance use that can be utilized by community peer outreach workers [82] . The features of the low intensity interventions are: 1) they are used for 1 to 3 visits (low intensity), 2) they are used for early drug use, and 3) they may be used in many different settings. Utilizing brief interventions and other motivational enhancement methods, in early drug use, appear particularly well suited for the primary care setting and resource limited settings [82] .
Behavioral drug treatment approaches that result in successful outcomes have been shown to follow key research-based principles of effective drug treatment [83] . These principles include: 1) providing readily available and accessible treatment when needed, 2) recognizing that drug use and dependence are chronic conditions, 3) recognizing that relapses can occur during and after successful treatment episodes, 4) understanding that detoxification is a precursor of treatment rather than a modality in and of itself, 5) establishing and following a comprehensive treatment plan, and 6) remaining in treatment for an adequate period of time. Behavioral therapy and counseling approaches are critical components of effective treatment because they help patients to develop skills that resist drugs, replace drug-using activities with constructive and rewarding activities, and improve problemsolving abilities [84] . Treatment programs for key populations can be most effective by providing behavioral therapies as part of a continuum of care in a supportive, empathic, primary care settings [81] [82].
Pharmacologic Treatments for Substance Use Disorders
Treatment of substance use disorders using pharmacotherapeutic approaches are based on targeted drug devel-T. F. Kresina et al. 1808 opment of inhibitors of the biochemically-based, physiologic pathways of addiction [85] . Addictive drugs utilize neurological pathways and receptor-ligand interactions in the brain to modify behavior [86] . Effective medications for maintenance treatment of opioid dependence include methadone and buprenorphine, which are either full or partial opioid receptor antagonists [80] . Recently, extended-release naltrexone, an opioid antagonist, has been approved for the prevention of relapse to opioid use for individuals after detoxification from opioids [87] .
For key populations with HCV/HIV co-infection, an important intervention for injection opioid abuse is medication-assisted treatment, utilizing methadone [80] [81] . Methadone is the preferred pharmacotherapy for resource limited setting because of its lower cost compared to other medications. Globally since 2000, there has been a rapid expansion of medication-assisted treatment, mainly using methadone, in the context of HIV prevention, care and treatment programs [88] . The integration of substance abuse treatment and HIV care and treatment is an effective and cost efficient health service platform to provide care and treatment for HCV/HIV co-infection in a resource limiting setting [89] .
Limited data are available on the prevalence of HCV/HIV co-infection in patients receiving methadone maintenance treatment. Cohort studies present values between 4.6% and 13.1% [90] [91] . Factors associated with co-infection for patient receiving methadone maintenance treatment are young age, longer time of heroin use and sharing of injection equipment [92] [93] . Methadone treatment programs provide a venue for not only screening for HIV and HCV infection among drug users in resource limited settings, but also stabilizing the patient with a substance use disorder to enhance access to HCV treatment and HIV treatment [94] [95] . Promoting the access to antiretroviral treatment for key populations, particularly injection drug users, is important because a recent systematic review showed that globally, people who inject drugs and living with HIV are less likely to receive anti-retroviral treatment compared to people living with HIV who do not use drugs [95] [96].
HIV Care and Treatment
Access to HIV care and treatment is fundament for good clinical outcomes in the medical management of HCV/ HIV co-infection. Anti-retroviral treatment reduces AIDS-related mortality by changing terminal HIV infection into a chronic disease, as long as patients are adherent to the pharmacological regimen and remain in care [97] . While HCV/HIV co-infection enhances the risk of drug induced hepatotoxicity, combination anti-retroviral therapy has been shown to slow liver disease progression and reduce liver-related mortality due to HCV infection [98] . An important factor here appears to be CD4 count, where individuals with higher (>200) cell counts at the time of treatment have a lower mortality rate [99] . These data again point to the importance of early access to HIV care and treatment to reduce the progression of liver disease in HCV/HIV co-infected patients. In most cases, HIV care and treatment, including combination anti-retroviral treatment should precede HCV treatment [70] [100] . The response to combination anti-retroviral therapy in HCV/HIV co-infected patients is comparable to HIV mono-infected patients in terms of HIV viral suppression and AIDS-free survival [101] . The most effective way to reduce morbidity and mortality from liver disease in HCV/HIV co-infected patients is to treat these patients for their HCV infection as part of HIV care.
HCV Treatment in the Era of Direct-Acting Anti-Viral Drugs
Treatment of HCV infection in persons with HCV/HIV co-infection is an urgent issue due to rapidly progressive liver disease [102] . While anti-retroviral treatment for HIV infection slows the rapid progression of liver disease in co-infected patients, the treatment does not eliminate the progressive liver disease. International treatment guidelines endorse the consideration of HCV treatment for all HCV/HIV co-infected individuals in order to obtain a sustained viral response [103] [104]. A sustained viral response to HCV treatment reduces liver fibrosis, hepatotoxicity, and liver-related mortality [70] . However, the obtainment of a sustained viral response to HCV treatment using interferon-based regimens is lower in HCV/HIV co-infection than in HCV mono-infection. The rates of obtaining a sustained viral response in large treatment trials range from 14% -38% [105] . Noting the poor treatment response with interferon-based treatment regimens, the difficult side effects of treatment, and the long treatment period combined with the stigma, discrimination and estrangement from the mainstream medical community of key populations, the current treatment regimen for HCV infection is not a practical therapy for eliminating HCV infection in co-infected key populations.
Enter the rapidly evolving new treatment medications for HCV infection, termed direct acting antivirals [70] [106] [107] . The first two direct acting anti-virals were protease inhibitors and their approval occurred in 2011 for use in genotype 1 mono-infected patients [106] . These protease inhibitors were used in combination with interferon-based treatment regimens virtually doubling the sustained virologic response rate. The initial full report of these first generation protease inhibitors in key populations co-infected with HCV and HIV showed a response rate of 84% after only 12 weeks of treatment [108] . Many other clinical trials of direct acting antivirals have been presented at clinical conferences with similar success rates and limited side effects, but also showing potentially serious drug interactions with medications comprising antiretroviral treatment of HIV infection [109] [110]. It is hoped that these drug interaction can be managed, because clinical trials and treatment guidelines are being developed for direct acting anti-retroviral medications that may include combination direct-acting antivirals for HCV/HIV patients not responsive to mono-therapy [111] - [113] . What remains are clinical trials and population treatment studies of key population who inject drugs, as well as, clinical trials comprising key populations receiving methadone treatment. In addition, these newly developed medications need to be priced in a range that can have a public health impact on key populations who are co-infected with HCV/HIV infections.
